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ABSTRACT 


The choice of mounting location and the antenna configu- 
ration used will effect system performance. The azimuth 
plane radiation patterns presented in this paper illustrate 
that it is possible to reduce the effects of the vehicle by 
choosing appropriate antennas. History has shown that the 
roof location gives the most omnidirectional coverage, but 
reality has shown that some customers, and to a lesser 
extent some vehicles just do not permit antennas and the 
associated transmission lines to be neatly installed in the 
roof. It’s at this point that the alternatives must be under- 
stood and the patterns presented here are intended to 
further one’s understanding. 


INTRODUCTION 


In order to realize the full potential of a radio system 
operating in the 800 MHz band, it is important to under- 
stand how the placement of the mobile antenna can affect 
performance. Although a properly designed and matched 
/4 will offer adequate bandwidth, it cannot make up 
for a poor mounting location. 


Good mobile performance can best be achieved by getting 
an omnidirectional radiation pattern from the vehicle. 
This paper looks at the pattern distortion caused by various 
mounting locations. Distortion in this sense is any deviation 
from a true omni pattern. Such distortion can be caused 
by the roof line or the metal framing which supports the 
roof. 


This paper looks at four mounting locations: The roof, 
front cowl, window and trunk. The test vehicle is a 1978 
4-door Chevrolet Nova sedan. The mounting locations and 
size of the vehicle are shown in Fig. 1. The block diagram 
in Fig. 2 and the picture in Fig. 3 iliustrates the equipment 
and method used to record the radiation patterns. The 
test vehicle was located on a platform which could rotate 
in the azimuth plane and be moved towards and away from 
the receiving antenna as shown in Fig. 4. 


Probing the range from this location showed a field strength 
variation not greater than +.25 dB over a distance of 1A 
at 850 MHz. The vertical field was likewise with +.25 dB 
when probed with a A/2 dipole. 
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Fig. 4. Test vehicle on rotating platform. 
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The radiation patterns represent the signal level on a decibel 
scale. The polar patterns are plotted on polar co-ordinate 
paper with 0° being the front of the vehicle, 90° the passenger 
side and 180° the rear. The signal levels were averaged and 
this average level was used to compare the performance of 
different antenna configurations. Since the average level is 
just a number, it is worthwhile to see the actual patterns, 
because in some directions there may be deep nulls. In most 
cases the gain is the result of both pattern compression 
in the vertical plane and distortion caused by the vehicle 
in the horizontal plane. 


All antennas were adjusted for a VSWR less than 1.5:1 at 
the test frequency. Measurements were made in accordance 
with E.1.A. RS-329 Part I], which covers minimum standards 
for land-mobile vehicular antennas. No attempt should be 
made to compare signal levels from one pattern to another. 


ANTENNA AND PATTERN ANAYLSIS 


Four antenna configurations were patterned on the various 
mounts. The quarterwave reference was a 3.2mm (.125”’) 
diameter rod, 7.6cm (3”’) long. Two gain antennas and one 
on-glass design were patterned. The first gain antenna was 
a collinear design with 5/8 upper radiator and a A/4 lower 
radiator separated by an air-wound phasing coil. This design 
is generally known in the industry as the 3 dB gain 
antenna. The on-glass design used a similar radiator with a 
longer lower section and a special coupling box. The second 
collinear design is an “elevated feed-point” antenna with 
the radiator above the feed point beinga 3 dB antenna and 
a broadband 2/4 skirt below the feed point and encased 
in a polycarbonate tube. Since the elevated collinear design 
has its own skirt or counterpoise, it operates equally well 
without any ground plane under the antenna. These antennas 
are pictured in Fig. S. 
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The roof location gave the most omnidirectional pattern. 
Fig. 6 shows the A/4 reference and the 3 dB collinear 
design. The 3 dB gain is achieved by properly phasing and 
spacing two collinear elements above each other which in 
turn, compresses the pattern in the vertical plane and lowers 
the angle of radiation. The major lobe of the 4/4 is approxi- 
mately 30° above the horizon, compared to 8° for the “3 dB” 
antenna, 
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Fig. 6. Roof mounted 3 dB collinear; ---Roof 
mounted A/4 reference. 


Unfortunately, the ideal roof mount location is not always 
available; the customer may not allow the antenna to be 
roof mounted, or the particular vehicle may not lend itself 
to a neat roof installation, or there may be other 
obstructions such as light bars or roof racks which have pre- 
empted this location. The second choice is usually the trunk 
and the next three patterns look at these antennas when 
they are typically trunk mounted. Compared to the roof 
mounted A/4, a trunk mounted 3 dB collinear is only 
about 1 dB down; however Fig. 7 does show considerable 
pattern distortion in the direction of the roof line. Most 
of this distortion and signal loss can be recovered by using 
the elevated feed design. Fig. 8 shows fewer nulls, and the 
performance approaches that of the roof mounted quarter- 
wave. This is due primarily to the higher center-of-radiation 
of the elevated feed antenna. Fig. 9 shows that the 4/4 on 
the trunk is about 3 dB below the 3 dB collinear or about 
4 dB below what can be achieved.by using the elevated feed 
antenna in the same mounting location. More importantly, 
the roof line distorts the \/4 more than any other design 
tested. 
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The third mounting alternative is the cowl mount. This 
becomes a real alternative on fast back or hatch back type 
vehicles. Fig. 10 shows the expected null in the direction 
of the roof line when the 3 dB antenna is mounted on 
the cowl and is compared to the roof mounted A/4. This 
may look bad, but as shown in Fig. 11, the cowl mounted 
\ /4 has even greater distortion. The elevated-feed collinear 
solves most of the problems and is more than 6 dB better 
than the A/4 and within 1 dB of a roof mounted }/4 as 
shown in Fig. 12. 


Fig. 7. Trunk mounted 3 dB collinear; -—-Roof 
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Fig. 10. 
mounted }/4. 
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Cowl mounted 3 dB collinear; -~—Roof 
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Fig. 8. Trunk mounted 3 dB ;—~--Trunk mounted, 
elevated feed, collinear. Vy V) y i % 
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Fig. 9. —— Trunk mounted 3 dB collinear; - --Trunk 
mounted )\/4. 
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Fig. 12. ——Cowl mounted elevated feed collinear;---Cowl 
mounted /4. 


A fourth alternative is to mount the antenna on the window. 
Fig. 13 shows that an “‘on-glass” collinear design can be 
made to perform about 1 dB better than a roof mounted 
/4, and at the same time provide a radiation pattern with 
relatively little distortion. 


The on-glass design utilizes the dielectric of the vehicle 
windshield glass to efficiently couple RF energy to a two- 
element collinear radiator mounted on the external surface 
of the windshield with a special adhesive. A specially de- 
signed coupler box is mounted on the inner surface of the 
windshield in proximity of the antenna mount. The coupler 
box.reactively couples the radiator element to the tranceiver 
and provides a 502 input impedance. The VSWR bandwidth 
of this antenna design is comparable to that of the other 
antennas discussed in this paper. Actual field use of this 
design has shown it to be a viable, no-hole alternative. 
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Fig. 13. ——— On-glass collinear; -—-Roof mounted }/4. 


CONCLUSION 


The most obvious statement is that the roof mounted 
antenna will provide the best overall performance. However, 
experience has shown that fewer and fewer roof installations 
are possible. . . either because of customer preferences or 
vehicle construction. Therefore, the trunk, cowl, and window 
offer alternatives which will become even more important 
in the future. 


The collinear, elevated-feed type mobile antenna mounted 
on the trunk and cowl provides good omni coverage. This 
need for omnidirectional coverage may be as important as 
gain, especially in single antenna systems. 


In systems using two antennas and space diversity tech- 
niques, it may be possible to get away with A/ 4 antennas in 
locations other than the roof; but even here it appears that 
one on the front cowl and one on the trunk may not only 
provide the needed decorrelated signals, but working to- 
gether can provide an omni pattern. In the process of 
gathering the information we observed that mounting the 
antennas as far as possible from the roof structure will 
somewhat minimize the degree to distortion. 
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